Background Bronchial carcinoids are characterized by neuroendocrine differentiation and have distinct biological behavior, recurrence patterns, and prognosis compared with adenocarcinomas or squamous cell carcinomas. Because of their often indolent nature, it has been suggested that routine postoperative imaging surveillance may not be warranted in the majority of patients. This study aims to define the factors that predict disease-free survival (DFS) and recurrence after resection of these tumors, with the goal of identifying high-risk patients for whom image surveillance may be warranted. Methods We conducted a retrospective review of a prospective database to identify patients with completely resected bronchial carcinoid tumors. Surgical procedure, histology, pathological stage, follow-up, tumor recurrence, and survival were assessed. Results One hundred and forty-two patients were identified. Median age was 62 years and the majority was women (106). Surgical procedures included 20 wedge resections, 10 segmentectomies, 99 lobectomies, 3 bilobectomies, 2 pneumonectomies, 6 sleeve resections, and 2 bronchectomies. Pathologic stages included I (81%), II (10%), III (8%), and IV (1%). With a median follow-up of 31 months, there were seven recurrences. The 5-and 10-year overall survival rates were 92% and 75% and DFS rates were 88% and 72%, respectively. There were 34 patients with atypical carcinoids, and 6 (18%) developed recurrence, compared with 1 recurrence (1%) in the group of 108 patients with typical carcinoids (p ¼ 0.0008). For atypical carcinoid tumors, the 5-and 10-year DFS rates were 72% and 32% versus 92% and 85% in typical carcinoid tumors (p ¼ 0.001). Patients with more advanced tumor stage pT2-4 and pathologic N1/N2 nodal metastases had a significantly decreased 5-and 10-year DFS compared with those with early pT1 stage (p ¼ 0.029) or those without nodal disease (p ¼ 0.043). Multivariate Cox regression analyses showed advancing age (p ¼ 0.001), atypical histology (p ¼ 0.021), and advanced tumor stage (p ¼ 0.047) were significant negative predictors for DFS. Conclusion Long-term survival after resection of bronchial carcinoids is common, especially for patients with typical carcinoid tumors. DFS can be negatively influenced by atypical histology, advanced tumor, and nodal statuses. Efforts at postoperative image surveillance should target those patients with such high-risk factors.
Introduction
Bronchial carcinoids are an uncommon group of low-grade pulmonary malignancy characterized by neuroendocrine differentiation; they make up 25% of all carcinoid tumors and 2% of all pulmonary neoplasms.
1-3 Current guidelines recommend routine interval surveillance with low-dose computed tomographic (CT) scans of the chest after surgical resection for NSCLC. 4 Because of the often indolent nature and uncommon development of recurrence following complete resection of bronchial carcinoid tumors, it has been suggested that routine postoperative imaging surveillance may not be warranted in the majority of those patients. 5 The histological classification of bronchial carcinoid tumors into typical and atypical types identifies a subset of patients with higher tumor recurrence rate after resection. [6] [7] [8] This study aims to define the factors that predict disease-free survival (DFS) and recurrence after resection of these tumors, with the goal of identifying those high-risk patients for whom CT chest surveillance should be performed.
Materials and Methods
We conducted a retrospective review of a prospective database to identify patients with primary bronchial carcinoid over a 22-year period. All patients were routinely assessed preoperatively by CT of the chest and upper abdomen. Positron emission tomography (PET) scan, mediastinoscopy, or Octreotide scans were performed if clinically indicated. Preoperative tissue diagnosis was obtained at the clinician's discretion through bronchoscopy and/or transthoracic needle biopsy. Hospital and office records of each patient were reviewed for demographic and clinical data, including age, sex, smoking status, and associated comorbidities. Nonsmokers were defined as patients who smoked fewer than 100 cigarettes in their lifetime. Records were also reviewed for perioperative and pathologic data, including, surgical approach, surgical procedure, 30-day operative mortality (defined as death during the same hospitalization or within 30 days after the operation), tumor size, tumor location (peripheral tumors defined as those within the outer onethird on the lung), histology, and pathologic stage. The goal of surgical resection was to achieve a complete tumor excision (R0) with negative pathologic tumor margin. When possible, lung-sparing bronchoplastic procedures were performed for central endobronchial tumors. In general, mediastinal lymph node status was assessed either by systemic lymph node dissection or sampling during surgical resection. Tumors were classified as typical or atypical carcinoids in accordance with the 2004 World Health Organization (WHO) classification guidelines. 9 In patients in whom carcinoid tumors did not have such a classification in the pathology reports, the tumor slides were reviewed by a pulmonary pathologist (N. N.) and carcinoids were classified as typical or atypical. In general, history, physical examination, and low-dose surveillance CT scan of the chest and upper abdomen were done every 6 to 12 months for patients following surgical resection. 
Results

Clinical Findings
One hundred and forty-two patients were identified who were treated with complete surgical resection for bronchial carcinoid tumors. ►Table 1 summarizes the patient demographics, surgical approach, and tumor characteristics. There were more females in this cohort and most patients were nonsmokers. The majority of patients had no symptoms on presentation. One patient had ectopic adrenocorticotropic hormone (ACTH) secretion from the carcinoid tumor and presented with Cushing syndrome that completely resolved after surgical resection. All of the patients in this cohort underwent chest radiographs, CT scans of the chest and upper abdomen to rule out liver and adrenal metastases, and flexible bronchoscopy to rule out endobronchial lesions and metastases. PET scans were done in 28 patients at clinicians' discretion and 23 had a positive finding. The low rate of PET scanning in this cohort was due to the 22-year study period and majority of the patients were presented prior to PET scan becoming a routine part of the preoperative staging workup. Octreotide scans were done at clinicians' discretion in three patients, with a positive result in two. Bone scan and brain CT or magnetic resonance imaging (MRI) were done in cases of bone pain, or neurologic symptoms or signs. Selected patients with enlarged mediastinal lymph node of greater than 1 cm underwent cervical mediastinoscopy to rule out mediastinal metastases. Presurgical tissue diagnosis was obtained as clinically indicated by transthoracic fineneedle aspiration (n ¼ 83) or bronchoscopic biopsies (n ¼ 20). The remaining 39 patients did not have histologic sampling prior to resection. However, most of those patients had either highly suspicious findings on CT that prompted a thoracoscopic biopsy and resection or suspicious bronchoscopic findings for endobronchial carcinoid tumors. The 
Tumor Characteristics
The tumors were classifies based on location in the lung parenchyma as central in 93 patients (66%) and peripheral in 49 patients (34%). Median pathologic size for resected carcinoids was 1.6 cm. All patients had negative resection margins (R0). The majority of patients had stage I disease (82%). Twenty patients had nodal metastases, with N1 disease in 10 patients and N2 disease in 10 patients. Seven of those 20 patients with nodal diseases had atypical carcinoid tumors. Overall the incidence of nodal (N1 or N2) metastases were 12.0% in patients with typical carcinoids compared with 20.6% in patients with atypical carcinoids (p ¼ 0.258).
Overall and Disease-Free Survival
The overall 5-and 10-year survival rates for patients were 91.6% and 75.4%, respectively (►Fig. 1). 
Tumor Recurrence
A total of seven tumor recurrences developed in 142 patients after surgical resection (►Table 3). All tumor recurrences were confirmed by histologic sampling. Six tumor recurrences developed in patients with atypical carcinoids (6 out of 34 patients, 18%). The rate of tumor recurrence was significantly less in those patients with typical carcinoids, with only one tumor recurrence in 108 patients (1%) (p ¼ 0.0008). Five recurrences occurred in patients with N0 disease, whereas one occurred in a patient with N1 nodal metastasis and one occurred in patient with N2 nodal metastasis. There was no significant relationship between nodal status and tumor recurrence (p ¼ 0.256). The median tumor size of patients who developed recurrence was 3.6 cm. Median recurrence time was 28.9 months from date of surgery. Three tumor recurrences were locoregional only, two were distant only, and two were both locoregional and distant. Treatment of locoregional recurrences mainly consisted of Fig. 1 Overall survival of all patients with bronchial carcinoid tumor after resection. Fig. 2 Overall disease-free survival of all patients with bronchial carcinoid tumor after resection.
radiotherapy and surgical resection, whereas treatment of those patients with distant recurrences consisted of chemotherapy or Octreotide therapy (►Table 3). One patient with liver metastases was treated with liver embolization therapy.
Comment
Bronchial carcinoids account for 2 to 5% of all primary lung malignancies and approximately 25% of all carcinoids.
1,2,8
They are currently classified as neuroendocrine neoplasms by the WHO and International Association for the Study of Lung Cancer Classification. 10 The rarity of this tumor is the reason why most of these case series are small and our study over a 22-year period represents one of the largest series thus far reported. The overall survival and DFS for patients with completely resected pulmonary carcinoid tumors are good, with 5-and 10-year overall survival of 92% and 75% and DFS of 88% and 72%, respectively, similar to those reported in other studies. [6] [7] [8] 11 From a prognostic standpoint, it is important to classify bronchial carcinoids into typical and atypical histological types. Our study found that atypical carcinoids had a significantly decreased 5-and 10-year survival compared with typical carcinoids, and others have shown similar findings. 1, [11] [12] [13] [14] [15] [16] In two separate studies, the 5-year DFS for typical versus atypical carcinoid were 88.2% and 50%, 94.3% and 74.2%, respectively. Overall, these findings support that histological classification is a significant determinant of survival. 17, 18 We have demonstrated in this study that significantly more tumor recurrences occurred in the atypical carcinoids compared with The T designation of bronchial carcinoid tumors has been reported by some studies to have no statistical overall effect on survival.
6,10 However, we found that carcinoid tumor with pT2-4 status have a significantly decreased 5 and 10 years DFS compared with pT1 status. Tumor status was also determined to be an important independent predictor for DFS in our multivariate analysis. Results published by others have supported our findings. 20 Kaplan et al showed that stage at presentation was a significant predictor of outcome, with patients at earlier stages having better outcomes compared with those with more advanced or metastatic disease. 21 It is therefore no surprise that patients with advanced tumor stages are more likely to have recurrence and spread of disease. In this study, patients with nodal metastases had significantly worse survival. Our 5-and 10-year DFS for pN0 versus pN1/N2 reported as 89% and 79% versus 78 and 39% (p ¼ 0.043). Others have showed similar findings. 8, 11 In our current study, we classified nodal disease as present (N1/N2) or absent (N0) for statistical analysis because of the relatively small number of patients with nodal metastases (n ¼ 20). This grouping is supported by published reports that showed no difference in survival between carcinoid tumor patients with N1 or N2 nodal disease. 22 It is interesting that nodal status did not turn out to be a significant predictor for DFS on multivariate regression analyses. Even with nodal metastases, long-term survival is achievable in some patients. In our study, a patient with T1N2 had concurrent chemotherapy and radiotherapy whereas two other patients with T2N2 had chemotherapy, and these patients remained alive and disease-free for 109, 39, and 81 months, respectively. Divisi and Crisci reported treating patients with N2 disease with adjuvant chemoradiotherapy with a survival rate of 49% at 10 years.
23
This study was limited by a single institutional experience and the retrospective nature of the study over two decades of study period. Because of the rarity of this tumor, a multiinstitutional study with a robust number of patients is necessary to verify our findings.
In summary, our large series showed that overall survival is good after surgical resection of bronchial carcinoid tumors. DFS can be influenced by cell type, tumor, and nodal status. Efforts on CT surveillance on patients following resection of carcinoid tumors should target those patients with high-risk features such as atypical tumor histology, advanced tumor stage, or nodal metastases. 
